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1
DRIVE COMPONENT FOR ELECTRIC
SHAVER

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Provisional Patent
Application Ser. No. 61/747,591, filed on Dec. 31, 2012,
which is incorporated herein by reference in its entirety.

BACKGROUND

The present invention relates generally to electric shavers
and, more particularly, to a drive component for an electric
shaver.

Conventional rotary shavers include a handle and a head
mounted on the handle, and the head carries at least one set of
inner and outer cutters. The outer cutters are typically cup-
shaped and are supported by a frame of the shaver head,
thereby collectively defining a skin contacting surface of the
shaver head. Openings or slits formed in the outer cutters
allow hair to protrude through the outer cutters as the shaver
head is moved along the skin. Each inner cutter is housed in
the shaver head below, and in contact with, a respective one of
the outer cutters. The shaver is operated via an electric motor,
typically housed within the handle, whereby rotation of the
inner cutters by the motor acts to cut hairs protruding through
the outer cutters. An arrangement of drive shafts and gears is
conventional for operatively connecting the inner cutters to
the motor.

The outer cutters of at least some conventional rotary shav-
ers are configured for pivoting movement on the shaver head
to facilitate uninterrupted contact of the outer cutters with the
skin as the outer cutters are moved along the contours of the
skin (e.g., along the skin covering the cheek bones, the jaw
line, etc.) Because the inner cutters are disposed within the
outer cutters, it is also typical for the inner cutters to be
configured for pivoting movement to facilitate maintaining
shearing engagement between the inner and outer cutters
when the outer cutters pivot.

In that regard, the shaver drive system typically has at least
one pivotjoint located between the motor and the inner cutters
to enable driving of the inner cutters during pivoting. The
pivot joint therefore includes at least one rotating component
that can pivot relative to another rotating component. How-
ever, the engagement of these rotating and pivoting compo-
nents can be a source of undesirable noise during operation of
the shaver. As such, there is a need for a drive system that
facilitates quieter operation of a rotary shaver having pivot-
able cutters.

SUMMARY

In one embodiment, an electric shaver generally comprises
a handle and a head connected to the handle. The head com-
prises an outer cutter blade and an inner cutter blade arranged
in shearing contact with the outer cutter blade. The electric
shaver further comprises a drive system comprising a motor
and a plurality of drive components drivingly connecting the
motor to the inner cutter blade for driving rotation of the inner
cutter blade relative to the outer cutter blade. The plurality of
drive components comprises a first drive component and a
second drive component connected to the first drive compo-
nent. At least one of the first drive component and the second
drive component comprises a liner for cushioning the inter-
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face between the first drive component and the second drive
component to mitigate noise associated with operation of the
shaver.

In another embodiment, an inner cutter for an electric
shaver generally comprises a blade and a drive cap to which
the blade is connected. The drive cap comprises a shell and a
liner, wherein an interior of the shell is lined by the liner such
that the liner defines a socket. The shell is formed from a first
material having a first hardness, and the liner is formed from
a second material having a second hardness that is less than
the first hardness.

In yet another embodiment, an electric shaver generally
comprises a handle and a head connected to the handle. The
head includes an outer cutter blade and an inner cutter blade
arranged in shearing contact with the outer cutter blade. The
electric shaver further includes a drive system comprising a
motor and a plurality of drive components drivingly connect-
ing the motor to the inner cutter blade for driving the inner
cutter blade relative to the outer cutter blade. The plurality of
drive components comprises a drive cap to which the inner
cutter blade is connected. The drive cap includes a shell and a
liner, wherein an interior of the shell is lined by the liner such
that the liner defines a socket. The shell is formed from a first
material having a first hardness, and the liner is formed from
a second material having a second hardness that is less than
the first hardness. The drive system further includes a torque
transfer assembly comprising a basket, a biasing member
seated within the basket, and a drive pin connected to the
basket atop of the biasing member such that the drive pin is
floatable, pivotable, and rotatably immovable relative to the
basket. The torque transfer assembly drivingly connects the
motor to the drive cap with the drive pin inserted into the
socket such that the liner cushions the interface between the
drive pin and the drive cap to mitigate noise associated with
operation of the shaver.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is aperspective view of one embodiment of an inner
cutter;

FIG. 2is an exploded perspective view of the inner cutter of
FIG. 1;

FIG. 3 is a bottom perspective view of a drive cap of the
inner cutter of FIG. 1;

FIG. 4 is a side elevation of the drive cap of FIG. 3;

FIG. 5 is a top plan view of the drive cap of FIG. 3;

FIG. 6 is a bottom plan view of the drive cap of FIG. 3;

FIG. 7 is a bottom perspective view of a shell of the drive
cap of FIG. 3;

FIG. 8 is a top perspective view of a liner of the drive cap of
FIG. 3;

FIG. 9 is a bottom perspective view of the liner of FIG. 8;

FIG. 10 is a top plan view of the liner of FIG. 8;

FIG. 11 is a bottom plan view of the liner of FIG. 8;

FIG. 12 is a cross-sectional view of the drive cap of FIG. 5
taken along plane A-A;

FIG. 13 is a cross-sectional view of the drive cap of FIG. 5
taken along plane B-B;

FIG. 14 is a perspective view of a torque transfer assembly
for rotating the inner cutter of FIG. 1; and

FIG. 15 is a cross-sectional view of the torque transfer
assembly of FIG. 14.

Corresponding reference characters indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, and in particular to FIGS. 1
and 2, a movable or inner cutter according to one embodiment
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is generally indicated by the reference numeral 100. The inner
cutter 100 includes a blade, indicated generally at 200, and a
drive cap, indicated generally at 300.

With reference now to FIGS. 3-6, the drive cap 300
includes a shell 302 and a liner 304. The shell 302 and the
liner 304 are each formed from a synthetic or semi-synthetic,
organic-based material (e.g., a “plastic” material), as
described in more detail below. The shell 302 has a lower
portion 306, an upper portion 308, and an intermediate por-
tion 310 between the lower portion 306 and the upper portion
308. The illustrated upper portion 308 has a base 312, a head
314 projecting from the base 312, and a platform 316 extend-
ing outward from the base 312. The base 312 has a generally
polygonal profile (e.g., a heptagonal profile in the preferred
embodiment), and the head 314 has a generally cross-shaped
profile. The platform 316 has a plurality of spaced-apart,
outward extending arms 318 arranged such that the platform
316 is generally star-shaped or pinwheel-shaped, and a stud
320 projects upward from a distal region 322 of each arm 318.
In this manner, the blade 200 may be seated on the drive cap
300 (e.g., about the base 312 and atop of the studs 320) for
suitable fastening of the blade 200 to the drive cap 300 (e.g.,
via heat staking of the base 312 over a segment of the blade
200). In other embodiments, the base 312, the head 314, and
the platform 316 may be configured in any suitable manner
that facilitates fastening the blade 200 to, and supporting the
blade 200 on, the drive cap 300 during operation of the shaver.

The illustrated lower and intermediate portions 306, 310 of
the shell 302 are generally cylindrical on the exterior and are
hollow on the interior. Lining the hollow interior of the shell
302 is the liner 304, which is sized to receive a drive pin 406
(FIGS. 14 and 15) for rotating the blade 200 during operation
of'the shaver. In the illustrated embodiment, the shell 302 and
the liner 304 are formed using a double-injection molding
process (i.e., each die has two cavities, which permits the
drive cap 300 to be formed in one injection cycle). For
example, after the liner 304 is formed in a first cavity of the
die, the die is rotated 180°, and the liner 304 is inserted into
the second cavity of the die such that the shell 302 is formed
on the exterior of the liner 304 in the second cavity. After the
shell 302 is formed on the liner 304, the drive cap 300 is
ejected. In other embodiments, the shell 302 and the liner 304
may be formed in any suitable manner (i.e., in any suitable
order using any suitable manufacturing process).

FIG. 7 illustrates the interior of the shell 302 without the
liner 304. As described above, the shell 302 is formed over the
liner 304 such that the interior shape of the shell 302 mirrors
the exterior shape of the liner 304. More specifically, an
interior surface 324 of the shell 302 defines a plurality of
spaced-part, lengthwise-extending grooves 326 and a plural-
ity of opposed throughports 328 located above the grooves
326. In one embodiment, the shell 302 has four grooves 326
that are equally spaced about the interior of the shell 302, and
the shell has two throughports 328. Each of the throughports
328 is aligned with, and connected to, one of two opposing
grooves 326. Alternatively, the shell 302 may include any
suitable number of grooves 326 and any suitable number of
throughports 328 arranged in any suitable manner.

FIGS. 8-11 illustrate the liner 304 without the shell 302
(i.e., before the shell 302 has been formed over the exterior of
the liner 304). The liner 304 is generally cup-shaped and is
inverted to define a socket 330. The liner 304 is closed at the
top by a top wall 332 and is open at the bottom within a side
wall 334 having an undulating bottom surface 336. The top
wall 332 has a pair of opposed ledges 338 extending outward
near the top of the side wall 334, and the side wall 334 has a
plurality of generally L-shaped tongues 340 projecting there-
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from and extending downward from the top wall 332 beyond
valley regions 342 of the undulating bottom surface 336. In
the illustrated embodiment, the liner 304 has four tongues 340
that are equally spaced-apart from one another, and a pair of
the tongues 340 is aligned with the opposed ledges 338 such
that each of the opposed ledges 338 is connected to one of the
tongues 340. In other embodiments, the liner 304 may have
any suitable number of ledges 338 and tongues 340 arranged
in any suitable manner.

In one embodiment, the liner 304 is formed from a ther-
moplastic elastomer (TPE) material. In the illustrated
embodiment, the TPE material is a thermoplastic polyure-
thane (TPU) material that is polyether-based (e.g., the “Elas-
tollan 1174D” material produced by BASF), which provides
the liner 304 with desirable noise mitigation properties and
wear resistance properties, as described in more detail below.
For example, the TPU material of the illustrated liner 304 may
have the following properties: a specific gravity of about 1.19
g/cm?; a shore hardness of about 73D (Shore A or D); a taber
abrasion of about 75 mg loss; a DIN abrasion of about 35 mm?>
loss; an E-modulus of about 76,000 psi; a flexural modulus of
about 73,000 psi; a tensile strength of about 7,100 psi; a
tensile stress at 1000 elongation of about 5,600 psi; a tensile
stress at 3000 elongation of about 7,100 psi; an ultimate
elongation of about 3000; a tear strength of about 1,600 Ib/in;
a compression set of about 600 of original deflection for 22 h
at 70° C. and about 400 of original deflection for 22 h at 23°
C.; a glass transition temperature of about 33° C.; a vicat
softening temperature of about 160° C.; and a DMA softening
temperature of about 148° C. In one embodiment, the liner
304 has a thickness of about 0.7-1.0 mm. In other embodi-
ments, the liner 304 may be formed from any suitable mate-
rial and may have any suitable thickness.

FIGS. 12 and 13 are sections of the drive cap 300 in its
assembled configuration (i.e., with the shell 302 formed over
the liner 304). The liner 304 defines the socket 330 within the
shell 302, and the socket 330 is generally polygonal when
viewed from below (e.g., the socket 330 has a generally
square cross-sectional shape in one embodiment) (FIGS. 6
and 11). Suitably, the socket 330 may be shaped in any man-
ner that facilitates transmitting torque to the blade 200. In the
illustrated embodiment, each of the tongues 340 is aligned
with and extends into one of the grooves 326, and each of the
ledges 338 is aligned with and extends into one of the
throughports 328. In this manner, the shell 302 and the liner
304 are keyed to one another (e.g., in a tongue-and-groove or
splined arrangement) to facilitate preventing rotation of the
liner 304 relative to the shell 302. Additionally, because the
ledges 338 extend into the throughports 328, removal of the
liner 304 from the shell 302 is inhibited. In other embodi-
ments, the shell 302 and the liner 304 may be keyed together
in any suitable manner that facilitates preventing rotation of
the liner 304 within the shell 302 and/or removal of the liner
304 from the shell 302.

FIGS. 14 and 15 illustrate a torque transfer assembly 400
for use in rotating and pivoting the blade 200 of the inner
cutter 100 via the drive cap 300. The torque transfer assembly
400 generally includes a basket 402, a biasing member 404
(e.g., in the illustrated embodiment a coil spring) sized to be
seated within the basket 402, and the drive pin 406 sized to be
seated on the biasing member 404 within the basket 402. The
basket 402 includes a bottom wall 408 defining a receptacle
410, and a generally cylindrical side wall 412 extending
upward from the bottom wall 408 with a plurality of longitu-
dinally extending channels 414 formed in the side wall 412.
Suitably, the receptacle 410 is sized to receive a drive shaft
that is operatively connected to the motor of the shaver,
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thereby enabling torque from the drive shaft to be transferred
to the inner cutter 100 via the basket 402 and the drive pin 406.

The illustrated drive pin 406 is hollow and includes an open
bottom 416 and a closed tip 418. The open bottom 416 has a
plurality of guides 420 extending outward therefrom, wherein
each guide 420 is sized to be inserted into, and to slide within,
one of the channels 414 of the basket 402 such that the drive
pin 406 is movable upward and downward within, and is
rotatably immovable relative to, the basket 402. Suitably, the
drive pin 406 is externally sized (e.g., in transverse cross-
section) such thata space is left between the drive pin 406 and
the side wall 412 of the basket 402 when the drive pin 406 is
disposed within the basket 402, thereby enabling pivoting
movement of the drive pin 406 relative to the basket 402. The
drive pin 406 is also sized internally (e.g., in transverse cross-
section) to receive the biasing member 404 such that the drive
pin 406 is biased away from the bottom wall 408 of the basket
402. Additionally, the tip 418 of the drive pin 406 is generally
polygonal when viewed from above (e.g., the tip 418 has a
generally square cross-sectional shape in one embodiment) to
facilitate insertion of the tip 418 into the socket 330 of the
liner 304 for transferring torque from the basket 402 to the
inner cutter 100 during a shaving operation (i.e., the generally
polygonal tip 418 ofthe drive pin 406 is sized to mate with the
generally polygonal socket 330 of the liner 304 such that
rotation of the drive pin 406 causes the drive cap 300 to
rotate).

In an assembled configuration of one embodiment of a
shaver including the inner cutter 100 described above, the
shaver includes a handle and a head mounted on the handle.
An outer cutter blade (e.g., a stationary cutter blade) is
mounted on the shaver head (e.g., pivotably mounted on the
shaver head), and the blade 200 of the inner cutter 100 is
disposed in shearing contact with the outer cutter blade. The
blade 200 is connected to the drive cap 300 as described
above, and the tip 418 of the drive pin 406 is inserted into the
socket 330 of the drive cap 300. To operate the shaver, a user
grasps the handle and activates the motor. The motor rotates
the arrangement of gears and drive shafts of the shaver drive
system, one of the drive shafts being inserted into the recep-
tacle 410 of the basket 402. As such, the basket 402 rotates
with the drive shaft, thereby rotating the drive pin 406 and the
drive cap 300 for rotation of the blade 200 relative to the outer
cutter blade of the shaver. The user then slides the outer cutter
blade along the skin such that hairs from the skin are directed
into slits ofthe outer cutter blade, wherein the hairs are cut via
the rotating inner cutter blade 200.

As the outer cutter blade traverses contours of the skin
(e.g., the contours of the user’s face), the outer cutter blade is
permitted to float and/or pivot to facilitate maintaining the
outer cutter blade in contact with the skin. When the outer
cutter blade floats or pivots, the inner cutter 100 floats or
pivots in unison with the outer cutter blade, being that the
inner cutter 100 is disposed within the outer cutter blade. As
the inner cutter 100 floats/pivots, the basket 402 of the torque
transfer assembly 400 is maintained in a fixed position rela-
tive to the drive shaft of the shaver because the basket 402 is
fastened atop of the drive shaft via the receptacle 410. How-
ever, the drive pin 406 is permitted to float and pivot within the
basket 402 against compression of the biasing member 404,
thereby maintaining a driving engagement between the drive
pin 406 and the drive cap 300 of the inner cutter 100 despite
the floating and/or pivoting of the inner cutter 100. In this
manner, the inner cutter blade 200 is maintained in shearing
contact with the outer cutter blade while the outer cutter blade
floats/pivots.
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Depending upon the pivot angle of drive cap 300 (either at
rest or during shaving), the entire surface of the tip 418 may
not be in contact with the liner 304 at all times due in part, for
example, to the pivot constraints of the drive pin 406 within
the basket 402 (e.g., the drive cap 300 may be pivoted into an
angle that the drive pin 406 cannot achieve). Thus, separation
of'the drive cap 300 from the tip 418 of the drive pin 406 may
occur within the socket 330, which can result in increased
noise or “chatter” associated with operation of the shaver as
gaps between the rotating drive pin 406 and the rotating drive
cap 300 open and close due to the inner cutter 100 and the
drive pin 406 pivoting relative to one another. Because the
material from which the liner 304 is manufactured (e.g., the
TPU material) is softer than the material from which shell 302
and/or the tip 418 are manufactured, the liner 304 facilitates
cushioning the connection between the drive pin 406 and the
shell 302, thereby mitigating noise associated with shaver
operation (i.e., the liner 304 absorbs impacts of the tip 418
against the drive cap 300 within the socket 330 during pivot-
ing/floating of the inner cutter 100).

With this configuration, the drive cap 300 is configured to
operatively connect the blade 200 to a motor of the rotary
shaver. As such, the drive cap 300 and the torque transfer
assembly 400 are components of a drive system of a rotary
shaver, which also includes a motor, a gear arrangement, and
at least one drive shaft. It is contemplated that any suitable
component of the drive system (e.g., a drive shaft tip or a gear
tooth) of any suitable shaver type (e.g., an oscillating shaver
or a rotary shaver) may be configured with the liner 304 in a
manner similar to that of drive cap 300 described above in
order to facilitate mitigating noise associated with the inter-
action of the drive system components during operation. For
example, in one suitable embodiment, the tip 418 of the drive
pin 406 may be fitted with the liner 304 in lieu of, or in
conjunction with, the shell 302 of the drive cap 300 being
fitted with the liner 304.

When introducing elements of the present invention or the
preferred embodiment(s) thereof, the articles “a”, “an”, “the”,
and “said” are intended to mean that there are one or more of
the elements. The terms “comprising”, “including”, and
“having” are intended to be inclusive and mean that there may
be additional elements other than the listed elements.

As various changes could be made in the above construc-
tions without departing from the scope of the invention, it is
intended that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense.

What is claimed is:

1. An electric shaver comprising:

a handle;

a head connected to the handle, wherein the head com-
prises an outer cutter blade and an inner cutter blade
arranged in shearing contact with the outer cutter blade;
and

a drive system comprising a motor and a plurality of drive
components drivingly connecting the motor to the inner
cutter blade for driving rotation of the inner cutter blade
relative to the outer cutter blade, wherein the plurality of
drive components comprises a first drive component and
a second drive component connected to the first drive
component, wherein at least one of the first drive com-
ponent and the second drive component comprises a
liner for cushioning the interface between the first drive
component and the second drive component to mitigate
noise associated with operation of the shaver.

2. The electric shaver set forth in claim 1 wherein the liner

is formed from a thermoplastic elastomer (TPE) material.
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3. The electric shaver set forth in claim 1 wherein the
second drive component is configured to receive the first drive
component.

4. The electric shaver set forth in claim 3 wherein the first
drive component comprises the liner.

5. The electric shaver set forth in claim 3 wherein the
second drive component comprises the liner.

6. The electric shaver set forth in claim 1 wherein the
second drive component is pivotable relative to the first drive
component.

7. The electric shaver set forth in claim 6 wherein the
electric shaver is arotary electric shaver, the outer cutter blade
and the inner cutter blade being pivotable on the head of the
shaver, wherein the first drive component and the second
drive component are pivotably connected to one another such
that the inner cutter blade is drivable during pivoting.

8. The electric shaver set forth in claim 7 wherein the first
drive component is a drive pin and wherein the second drive
component is a drive cap to which the inner cutter blade is
connected, the drive cap having a socket defined by the liner
such that the drive pin is insertable into the socket for driving
the inner cutter blade.

9. The electric shaver set forth in claim 8 wherein the socket
is generally polygonal and wherein the drive pin comprises a
tip that is generally polygonal.

10. The electric shaver set forth in claim 8 wherein the drive
cap comprises a shell having an interior lined by the liner to
define the socket, the shell being formed from a first material
having a first hardness, the liner being formed from a second
material having a second hardness that is less than the first
hardness.

11. The electric shaver set forth in claim 10 wherein the
second material is a thermoplastic elastomer (TPE) material.

12. The electric shaver set forth in claim 10 wherein the
liner and the shell are keyed to one another to facilitate pre-
venting rotation of the liner relative to the shell.

13. An inner cutter for an electric shaver, said inner cutter
comprising:

a blade; and

a drive cap to which the blade is connected, the drive cap

comprising a shell and a liner, wherein an interior of the
shell is lined by the liner such that the liner defines a
socket, the shell being formed from a first material hav-
ing a first hardness, the liner being formed from a second
material having a second hardness that is less than the
first hardness.

10

15

20

25

30

35

40

8

14. The inner cutter set forth in claim 13 wherein the
second material is a thermoplastic elastomer (TPE) material.

15. The inner cutter set forth in claim 13 wherein the liner
and the shell are keyed to one another to facilitate preventing
rotation of the liner relative to the shell.

16. The inner cutter set forth in claim 13 wherein the socket
is configured to receive a drive component.

17. The inner cutter set forth in claim 16 wherein the socket
is configured to permit pivoting of the drive cap on the drive
component.

18. The inner cutter set forth in claim 16 wherein the socket
is generally polygonal.

19. The inner cutter set forth in claim 18 wherein the
generally polygonal socket has a generally square cross-sec-
tional shape.

20. An electric shaver comprising:

a handle;

a head connected to the handle, wherein the head com-
prises an outer cutter blade and an inner cutter blade
arranged in shearing contact with the outer cutter blade;
and

a drive system comprising a motor and a plurality of drive
components drivingly connecting the motor to the inner
cutter blade for driving the inner cutter blade relative to
the outer cutter blade, wherein the plurality of drive
components comprises:

a drive cap to which the inner cutter blade is connected, the
drive cap comprising a shell and a liner, wherein an
interior of the shell is lined by the liner such that the liner
defines a socket, the shell being formed from a first
material having a first hardness, the liner being formed
from a second material having a second hardness that is
less than the first hardness; and

a torque transfer assembly comprising a basket, a biasing
member seated within the basket, and a drive pin con-
nected to the basket atop of the biasing member such that
the drive pin is floatable, pivotable, and rotatably
immovable relative to the basket,

wherein the torque transfer assembly drivingly connects
the motor to the drive cap with the drive pin inserted into
the socket such that the liner cushions the interface
between the drive pin and the drive cap to mitigate noise
associated with operation of the shaver.
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